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Introduction
One of the main functions of the human placenta is maternofetal exchange and the major cellular barrier to this exchange is the syncytiotrophoblast. This layer is formed by differentiation and fusion of primitive cytotrophoblast cells, a process which occurs throughout gestation (Kaufmann and Scheffen, 1992) and which results in a true multinucleate syncytium with no lateral plasma membranes. Placental villous development also occurs throughout pregnancy and includes the branching of primary stem villi into intermediate and then terminal villi, but with terminal villus formation occurring predominantly in the second and third trimesters (Kaufmann, 1982) . These processes of placental development and differentiation have been well characterized in terms of morphology and endocrinology (Kaufmann, 1982; Kliman et al, 1987; Kaufmann and Scheffen, 1992) . However, little is known about changes in placental transport in general, and chloride transport in particular, during development and differentiation. Chloride is the major anion of extracellular fluid in the fetus and essential for the normal homeostasis of the syncytiotrophoblast. Previous investigations using microvillous membrane vesicles (Shennan et al, 1986; Illsley et al, 1988; Byrne et al, 1993a) and the patch clamp method Byrne et al, 1993b) have demonstrated the presence of an electroneutral anion exchanger and chloride conductances in the human term placenta; the channel proteins which are responsible for the chloride conductances have not been identified.
The protein products of the cystic fibrosis (CF) and multidrug © European Society for Human Reproduction and Embryology resistance (MDR1) genes [cystic fibrosis transmembrane conductance regulator (CFTR) and P glycoprotein respectively] are structurally and functionally related. They both belong to the ATP-binding cassette superfamily of transporters that share a common domain organization, including two highly conserved ATP binding sites (for review see Higgins, 1995) and are found in a variety of epithelial cells. CFTR is a plasma membrane glycdprotein that functions as a chloride channel and an ion channel regulator (for review see Riordan, 1993; Al-Awqati, 1995) . The CFTR chloride channel is activated by protein kinase A dependent phosphorylation and ATP hydrolysis. P glycoprotein is an integral membrane protein that functions as an energy dependent efflux pump which can transport hydrophobic drugs out of cells and may also be involved in the transport of steroids, peptides and small proteins (for review see Germann et al, 1993) . Its expression has been associated with volume regulated, ATP dependent, chloride selective channels (Valverde et al, 1992) . However, more recent data have provided evidence that P glycoprotein is not a channel per se and have suggested that it is indirectly involved in the regulation of a swelling activated conductance (Morin et al, 1995) .
A few studies, generally not focused on the placenta, have suggested that the CF and MDR1 genes are expressed by this tissue (Riordan et al, 1989; Cordon-Cardo et al, 1990; Sugawara, 1990; Bremer et al, 1992; Ben-Chetrit era/., 1995; Faller et al, 1995) . However, the number of placentas used in each of these investigations was not stated and their gestational age was, in most cases, not specified. Moreover, with the exception of the study by Bremer et al. (1992) , all studies focused on the expression of either the CF or the MDR1 genes but not both. No previous study has addressed the question as to whether cytotrophoblast cells express CF and MDR1 genes at all stages of differentiation; there is evidence in a variety of cells for an effect of differentiation on the expression of the CF and MDR1 genes (Bates et al., 1989; MontroseRafizadeh et al, 1991; Sood et al., 1992) . Therefore, the purpose of this investigation was to determine whether the CF and MDR1 genes are expressed at all stages of placental development and trophoblast differentiation.
To examine the expression of the CF and MDR1 genes during placental development, Northern blot hybridization and reverse transcriptase-polymerase chain reaction (RT-PCR) were performed on RNA extracted from first, second and third trimester human placentas. To establish whether trophoblast cells express the CF and MDR1 genes and to study their expression during differentiation, the same methods were applied to RNA extracted from cytotrophoblast cells, isolated from human term placentas, in primary culture and the choriocarcinoma derived cell line JAr. The isolated cytotrophoblast cells are mitotically inactive and are committed to differentiate in vitro. Mononuclear cytotrophoblast cells (<24 h in culture) aggregate and fuse to produce multinucleated syncytiotrophoblast like cells (>24 h in culture) (Kliman et al, 1987; Greenwood et al., 1996) . This process of differentiation is similar to the formation of the syncytiotrophoblast in vivo (Kliman et al., 1987) . In contrast, JAr cells divide and are functionally and morphologically undifferentiated trophoblast cells (Hoshina et al., 1985; Sibley et al, 1991; Mitchell etal, 1995) .
Materials and methods

Isolation of cytotrophoblast cells and cell culture
Cytotrophoblast cells were isolated from human term placentas delivered either vaginally or by Caesarian section using a method adapted from that of KJiman et al. (1986) , previously described by Greenwood et al. (1993; . The tissues were washed in 0.9% saline, crudely minced and digested with 0.25% trypsin (Boehringer Mannheim, Lewes, UK) and 0.2 mg/ml DNase (Sigma, Poole, UK). Density gradient centrifugation at 1800 g for 30 min on discontinuous Percoll (10 and 70%) separated the cytotrophoblast cells, which banded between 35 and 55%. The isolated cells were plated onto 35 mm culture dishes at a density of 4X10 6 cells/dish.
Both cytotrophoblast cells and JAr cells (kindly donated by Dr I.Biome, Department of Pharmacology and Molecular Biology, Washington University School of Medicine, St. Louis, USA) were maintained in a culture medium consisting of Dulbecco's Modified Earle's Medium (ICN Biomedicals, Thame, UK)/Ham's F12 (Gibco, Paisley, UK) 1:1,10% fetal calf serum (Gibco), 25 mM N-[2-hydroxyethyl]piperazine-A''-[2-ethanesulphonic acid], 0.12% benzylpenicillin, 0.2% streptomycin, 0.6% glutamine and 0.005% gentamycin. The cells were maintained in a humidified incubator at 37°C in 5% CC>2/95% air.
RNA extraction
Total RNA was extracted from seven first, four late second-early third and six third trimester human placentas, from four separate passages of confluent JAr cells and from cytotrophoblast cells 694 maintained in culture for 18, 66 and 114 h (isolated from three, two and two placentas respectively) by the solvent method described by Chomczynski and Sacchi (1987) . First trimester placentas (weeks 8-13) were collected following pregnancy terminations for psychosocial reasons under Clause 2 of the U.K. Abortion Act 1967. Late second to early third (weeks 27-35) and third (weeks 38-40) trimester placentas were collected from normal preterm and term vaginal deliveries and Caesarian sections. Villous material (1 g from each placenta) was homogenized in 10 ml of 4 M guanidinium thiocyanate buffer within 15 min of collection and stored at -80°C until required. Poly A-enriched RNA was subsequently isolated from each total RNA sample from placental tissues using the mRNA Purification Kit (Pharmacia Biotechnology, Herts, UK).
Poly A RNA was also extracted directly from the same groups of cells described above (18, 66 and 114 h cytotrophoblast cells isolated from seven, six and four placentas respectively and 10 separate passages of confluent JAr cells) as well as from cytotrophoblast cells isolated from one placenta and maintained in culture for 90 h, using the Micro Fast Track mRNA Isolation Kit (Invitrogen Corporation, Research and Development Systems Europe Ltd., Abingdon, UK).
Poly A RNA extracted from the human colonic carcinoma cell line T84 (kindly donated by Dr G.Warhurst, Gastroenterology Group, Department of Medicine, Hope Hospital, Salford, UK) and total RNA from the human lung carcinoma cell line H69/LX4 (referred to as LX4 in the rest of the text; kindly given by Drs P.Twentyman and K.Wright, MRC Clinical Oncology, and Radiotherapeutics Unit, Medical Research Council Centre, Cambridge, UK) were used as a positive control for the expression of the CF (Riordan et al., 1989) and MDR1 (Barrand et al., 1994) genes respectively.
Northern blot hybridization
An aliquot of poly A RNA (2 ug) from T84 cells and (5 ug) from JAr cells, 18, 66 and 114 h cytotrophoblast cells and 50 ug poly A enriched RNA from first, second and third trimester placentas were electrophoresed through 1.2% agarose/6.3% formaldehyde gels, transferred onto Hybond nylon membrane (Amersham International, Aylesbury, UK) by capillary blotting in 20X standard saline citrate (SSC) and cross linked onto the membrane under UV light. The membrane was hybridized with a 1 kb human CF cDNA probe, stripped and hybridized with a 0.34 kb human MDR1 cDNA probe, both of which were generated by RT-PCR. For either probe the blot was prehybridized overnight at 42°C with 50% formamide, 5X SSC, 5X Denhardt's, 50 mM sodium phosphate buffer (pH 6.8), 0.2% sodium dodecyl sulphate (SDS), 10% dextran sulphate and 300 ug/ ml heat denatured tRNA. Hybridization was performed overnight at 42°C in the prehybridization buffer containing only 100 (ig/ml tRNA and 100 ng heat denatured cDNA probe. Both probes were random prime labelled overnight at room temperature with I[ 32 P]-dCTP (Amersham International). Following hybridization, the membrane was washed with 2X SSC, 0.1% SDS; 2X 20 min at room temperature, IX 20 min at 60°C) and with IX SSC, 0.1% SDS (IX 20 min at 65°C) and was then placed on an Instantlmager (Canberra Packard, UK) for direct visualization of the blot. The membrane was stripped in 75% formamide and 0.1% SDS for 30 min at 70°C.
Reverse transcriptase-polymerase chain reaction
In order to increase the sensitivity of detection for the expression of the CF and MDR1 genes, RT-PCR was used. Poly A-enriched RNA from first, second and third trimester human placentas was used to examine developmental changes in the expression of both these genes. To investigate the pattern of their expression during differentiation, poly A RNA (for CF) and total RNA (for MDR1) was extracted from JAr cells and cytotrophoblast cells maintained in culture for 18, 66, From the above mixture, 1 nl (cDNA from tissue samples) or 2 ul (cDNA from cell samples) were then used for amplification of CF and MDR1 genes. PCR was performed in the presence of 200 uM of each deoxyribonucleotide, 1.5 mM MgClj, 8 pmol of each of the specific 5' and 3' primers, 1 X reaction buffer for Taq DNA polymerase (5% glycerol, 5 mM Tris-HCl pH 8.0 at room temperature, 10 mM NaCl, 10 uM EDTA, 100 uM DTT, 0.1% Triton X-100) and 0.5 IU Taq DNA polymerase (Promega, Southampton, UK) in a total volume of 20 u.1. A negative control was included in each PCR experiment in which the cDNA was replaced by sterile H 2 O. The reaction mixtures were heated at 95°C for 5 min and amplification was then performed in sequential cycles at 95°C for 1 min, 56-59°C depending on the primer pair and the cDNA (i.e. from tissue or cells) for 1 min and 72°C for 1 min. The cycle number was either 35 or 40 (see Results). After the last cycle, the samples were incubated for an additional 5 min at 72°C. The PCR products were electrophoresed through 1% (CF) or 1.5% (MDR1) agarose gels containing 1 X Tris/ acetate/EDTA and 0.5 fig/ml ethidium bromide.
The same 3' MDR1 primer was used in RT and PCR. However, the sequence of the 3' CF primer used in RT (5'-TAAGCTCTTGTGG-ACAGTAA-3'; bases 2660-2679) was different to the one used in PCR. The primer pairs selected for PCR were gene specific and intron spanning as shown in Figure 1 and their sequences were as follows: 5' (5'-GTTTTCCTGGATTATGCCTGGCAC-3'; bases 1611-1634); 3' (5'-GTCTTCTTCGTTAATTTCTTC-3'; bases 2596-2616) of the human CF gene (Riordan et ai, 1989) AATGTGTTCGGCA-3'; bases 3080-3099) of the human MDR1 gene (Chen et at., 1990) . According to the published sequences for CF and MDR1 genes, these sets of primers would be expected to generate cDNA fragments of 1006 and 339 bp respectively.
The PCR products were verified by partial sequencing (MDR1 only), restriction enzyme digestion and Northern blot hybridization (CF and MDR1). The probes used in the latter case were amplified cDNA products that had been electrophoresed, eluted from the excized gel slice and purified using the Qiaex Gel Extraction Kit (Qiagen, Surrey, UK).
Results
Northern blot hybridization
In Northern blot hybridization experiments a weak signal for the CF mRNA was detected at the expected transcript size of 6.5 kb (Riordan et ai, 1989) in 18 h cytotrophoblast cells only, as isolated from three placentas (data not shown). Probing with a cDNA for MDR1 produced a strong signal at the expected transcript size of 4.5 kb (Roninson et al, 1986) in the single placenta from each trimester investigated (Figure 2 ) and a weak signal in 18 and 66 h cytotrophoblast cells isolated from three and four placentas respectively (data not shown).
Reverse transcriptase-polymerase chain reaction
CF expression during development and differentiation
RT-PCR using CF specific primers revealed a cDNA product of 1 kb, as expected for CF expression (Figure 1 ), in the positive control cells, T84, and in seven placentas from the first trimester, four placentas from the late second to early third trimester and five placentas from the third trimester. A representative example is shown in Figure 3 .
A 1 kb cDNA product was detectable following 35-40 cycles of PCR in all poly A RNA samples extracted from cytotrophoblast cells at all stages of differentiation (18, 66, 90 and 114 h in culture isolated from three, five, one and one placentas respectively). A representative example is shown in 0.8kb-*> Mr T84 18h 18h 66h90h1UhJAr -C 1Kb Figure 3 . Reverse transcription-polymerase chain reaction (RT-PCR) using primers specific for cystic fibrosis and poly A RNA isolated from T84 cells or poly A-enriched RNA isolated from two [(i) and (ii)] placentas from each of the first (PI), late second to early third (P2) and third (P3) trimesters. Mr = 100 bp ladder; -C = negative control. PCR cycle number = 35. Figure 4 . However, the 1 kb product was only just detectable in one sample of JAr poly A RNA after 40 cycles of PCR ( Figure 4A ). In a further series of experiments, RT-PCR was performed with poly A RNA from nine separate JAr cell passages, including the original sample in Figure 4A . On this occasion no product was detected in any JAr poly A RNA sample following either 35 ( Figure 4B ) or 40 ( Figure 4C ) cycles of PCR (a representative example resulting from four samples of JAr poly A RNA is shown in these Figures), whereas a 1 kb product was detectable in poly A RNA samples from 18 h cytotrophoblast cells isolated from each of three placentas, irrespective of cycle number ( Figures 4B and 4C ). When the same poly A RNA from JAr cells was used for detection of both the CF and MDR1 genes, only the latter was detected confirming the integrity of the samples (data not shown).
MDFtl expression during development and differentiation
RT-PCR using primers specific for MDR1 resulted in a 0.34 kb cDNA product, as expected for MDR1 expression (Figure 1 ), in the positive control cells, LX4, and in two placentas from each of the first, late second to early third and third trimesters ( Figure 5) .
A 0.34 kb cDNA product was detected in all total RNA samples extracted from cytotrophoblast cells at all stages of differentiation (18, 66 and 114 h in culture isolated from three, two and two placentas respectively), as well as in four separate passages of JAr cells. A representative example is shown in Figure 6 .
Discussion
The purpose of this study was to determine whether the CF and MDR1 genes are expressed in the human placenta at all stages of development and differentiation. We have demonstrated using Northern blot hybridization that MDRl mRNA is expressed in homogenates from first, second and third trimester human placentas. However, using the same method we were unable to detect mRNA for the CF gene in these samples. These results correlate well with those of Bremer et al. (1992) suggesting that CF mRNA levels in the human placenta are considerably lower than those of MDRl mRNA. In subsequent experiments, in which RT-PCR was used, we have shown that both the CF and MDRl genes are expressed in first, second and third trimester placentas. These data thus show that both the CF and MDR1 genes are expressed during all stages of development in the human placenta. In addition, RT-PCR established that the two genes are expressed in isolated cytotrophoblast cells maintained in culture for 18, 66, 90 and 114 h, that is at all stages of differentiation shown by Expression of CF and MDR1 genes in the human placenta these cells. However, the expression of the CF, but not the MDRl, gene was much weaker in the undifferentiated, choriocarcinoma derived, JAr cells compared to cytotrophoblast cells. The findings reported in the present study on the differential expression of the CF and MDRl genes in JAr cells may be due to the oncological origin of these cells and, consequently, the data need to be interpreted with some caution. In fact, the expression of the MDRl gene in JAr cells is in common with other carcinoma cells in which the gene is overexpressed and amplified (Germann et ai, 1993 ). An alternative explanation may be that our observations are due to the JAr cells representing undifferentiated and morphologically unpolarized trophoblast cells, for which there is good evidence (Hoshinaeffl/., 1985; Sibley etal, 1991; Mitchell et ai, 1995) .
In-vitro studies on a variety of cell types have provided evidence for an effect of differentiation on the expression of the CF and MDRl genes (Bates et ai, 1989; MontroseRafizadeh et ai, 1991; Sood et ai, 1992) . Furthermore, insitu hybridization experiments have raised the possibility of a reciprocal expression of the CF and MDRl genes in a variety of rat tissues including placenta (Tresize et ai, 1992) . These experiments have suggested that the regulation of these two genes is coordinately controlled and that CFTR and P glycoprotein have complementary functions. In support of the above observation, the study of Breuer et ai (1993) has demonstrated that induction of P glycoprotein down-regulates the expression of CFTR in a colon epithelial cell line. In the present study, the detection of the MDRl, but not the CF, gene in JAr cells correlates well with this differential expression of the two genes. However, we have also shown that both the CF and MDRl genes are expressed in isolated human cytotrophoblast cells at all times in culture. This suggests that during the later stages of cytotrophoblast differentiation there may not be a reciprocal expression of the two genes.
The pattern of expression of the CF gene in JAr and cytotrophoblast cells reported here agrees with recent preliminary patch clamp data from our laboratory (Byrne et ai, 1995) . We identified a small conductance chloride channel (8.8 pS) in isolated cytotrophoblast cells cultured for 18-114 h but not in the undifferentiated, unpolarized JAr cells. This channel in the cytotrophoblast cells was seen only in the presence of protein kinase A and ATP and thus has properties very similar to those of CFTR (Byrne et ai, 1995) . We also have preliminary evidence that the product of the MDRl gene, P glycoprotein, is functional in the placenta; efflux studies show a tamoxifenblockable, volume-activated, 125 I-channel (as a marker of chloride) in JAr cells as well as in 18 and 66 h cultured cytotrophoblast cells (personal observations). Tamoxifen is a well known inhibitor of P glycoprotein associated chloride conductances (Zhang et ai, 1994) . However, the functions of CFTR and P glycoprotein in the human placenta clearly need further investigation.
In summary, we have established that both the CF and MDRl genes are expressed in the human placenta at all stages of development and cytotrophoblast cell differentiation, although the expression of the CF, but not the MDRl, gene is much weaker in the undifferentiated, choriocarcinoma derived JAr cells compared to more differentiated cytotrophoblast cells. Although RT-PCR is a simple and specific method for the detection of gene expression it needs to be supplemented with a technique that detects functional proteins. However, the present study provides a firm basis from which future studies can be directed at establishing the expression and functional significance of CFTR and P glycoprotein during development and differentiation of the human placenta.
